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1. Executive Summary
Grab handling is a common handling method utilized to transport palletized construction materials to the job site
in the UK. During this unique handling method, the pallet is compressed horizontally by the grab handling arms.
The applied compression pressure could be as much as twice of the payload carried by the pallet. Wooden pallets
are commonly designed using The Pallet Design System (PDS) computer software or ISO 8611 (2012) testing
standard. Neither design methods contain tests or design methods that would simulate grab handling. Therefore,
in this study, a custom testing jig and testing method was developed to be able to evaluate the maximum payload
that can be carried by the pallet during grab handling.
The results of the evaluation of the maximum payload that can be supported by the pallet design when handled
by a grab handling system are presented in Table 1. More information on the testing protocol is presented in
Chapters 3-4. The investigated 1070mm x 1200mm LOOP pallet is able to support 2.55 tons of semi-rigid
payload such as concrete blocks when lifted with a grab handling mechanism. When the pallet is handled
perpendicular to the stringers, the maximum payload is only 1.2 tons. The ability of the pallet to support the
compressive forces in this direction also greatly depends on the used fasteners and the location of the grab arms.
Safety factor of 2 that is commonly used for pallet design was used to determine the safe payload. It was also
assumed that the grab handling system only applies pressure equivalent to twice of the payload weight.
Table 1: Summary table of the safe payload, strength, and safe horizontal handling pressure of the investigated
pallet designs.
Test Type

Parallel to the
Stringer
Perpendicular to the
Stringer

Safe payload2 (ton)

Average Pallet
Horizontal Strength
(ton)

Maximum Horizontal
Handing Pressure1 (ton)

2.55

10.2

5.1

1.2

4.8

2.4

1

2

Safe load values are calculated by dividing the average strength by a safety factor of 2 recommended by ISO 8611.
Safe payload was calculated by dividing the safe horizontal grab handling pressure by a factor of 2 based on the manufacturer
guidelines that the pressure needs to be twice of the payload.
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2. Pallet Designs
The tested Loop pallet is was a 1070mm x 1200mm non-reversible, two-way, flush, stringer class wooden pallet.
The top, bottom, side, and isometric bottom views of the investigated pallet design are presented in Figure 1. The
physical dimensions of pallet components and the used materials are presented in Table 2.
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Figure 1: Top (a), bottom (b), and side (c) views of the investigated Loop pallet design.
Table 2: Component dimensions of investigated pallet design.
Component
Top deckboards
Bottom deckboards
Stringers

Number of
Pieces

Length
(mm)

Width
(mm)

Height
(mm)

9
7
4

1200
1200
1070

95
95
45

16
16
90
3

3. Horizontal Compression Test

Figure 2: Experimental setup for horizontal compression test
To measure the horizontal compression strength of the investigated pallet design a Tinius Olson compression
tester equipped with four 10,000 lb (4,535 kg) load cells. Total capacity of the compression tester is 24,000 lb
(10,886 kg). The pallet was positioned vertically between two rubber block grab arms (1100mm wide). Load was
applied both parallel and perpendicular to the stringers of the pallet. The block grab arms were centered on the
stringers. The pallet was loaded until the machine capacity was exceeded or pallet or pallet component failure
was observed. The loading rate was 0.5 in/min. (12.7 mm/min.). Two replicate tests were conducted.
Representative picture of the setup is presented in Figure 2.
The results of the horizontal compression test are presented in Table 3-5. The load-deflection chart of the
failure test is presented in Figure 3, 5, 7. The representative modes of failure of the pallet design are presented
in Figure 4, 6, 8.
Table 3: Results of horizontal compression test parallel to the stringers (centered) of the investigated LOOP
pallet. Std. Dev. - Standard Deviation, COV- Coefficient of Variance.
Pallet ID

Maximum load at
failure
(lbs.(ton))

Maximum
deflection at failure
(in.(mm))

Replicate 1

21,201 (9.6)

1.253 (31.8)

Replicate 2
Average
Std. Dev.
COV %

24,000+ (10.9)
22,601 (10.2)

1.288 (32.7)
1.271 (32.2)

1,979 (0.9)
9

0.025 (0.5)
2
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Figure 3: Load-deflection diagram of the horizontal compression strength testing of the investigated pallet
design

Figure 4: Representative mode of failure of the investigated pallet design during the horizontal compression
test.
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Table 4: Results of horizontal compression test perpendicular to the stringers (centered) of the investigated
LOOP pallet. Std. Dev. - Standard Deviation, COV- Coefficient of Variance.
Pallet ID

Maximum load at
failure
(lbs.(ton))

Maximum
deflection at failure
(in.(mm))

Replicate 1

10,641 (4.8)

1.344 (34.1)

Replicate 2
Average
Std. Dev.
COV %

10,595 (4.8)
10,618 (4.8)

1.161 (29.5)
1.253 (31.8)

33 (0.014)
0

0.129 (3.2)
10

Figure 5: Load-deflection diagram of the horizontal compression strength testing perpendicular to the stinger
(centered) of the investigated pallet design
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Figure 6: Representative mode of failure of the investigated pallet design during the horizontal compression
test perpendicular to the stinger (centered).
Table 5: Results of horizontal compression test perpendicular to the stringers (offset) of the investigated LOOP
pallet. Std. Dev. - Standard Deviation, COV- Coefficient of Variance.
Pallet ID

Maximum load at
failure
(lbs.(ton))

Maximum
deflection at failure
(in.(mm))

Replicate 1

13,420 (6.1)

1.210 (30.7)

Replicate 2
Average
Std. Dev.
COV %

14,930 (6.8)
14,175 (6.4)

1.070 (27.2)
1.140 (28.9)

1,068 (0.5)
8

0.099 (2.5)
9
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Figure 7: Load-deflection diagram of the horizontal compression strength testing perpendicular to the stinger
(offset) of the investigated pallet design

Figure 8: Representative mode of failure of the investigated pallet design during the horizontal compression
test perpendicular to the stinger (offset).
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4. Grab Handling Simulation

Figure 9: Experimental setup for the grab handling simulation parallel to the stringers.
To evaluate the ability of the investigated pallet design to survive the compressive forces during garb handling, a
custom testing jig was developed. The testing jig was composed of a metal frame that contained one fix and one
movable I-beam which were used to apply the horizontal compressive forces. A rubber block grab arm was
secured to each I-beam to simulate the actual surface that interface with the pallet during grab handling. The load
was applied by two hydraulic bottle jacks. The bottle jacks were connected to two digital load cells (4.5 ton
capacity for each load cells) and a computerized data acquisition system. Representative picture of the
experimental setup is presented in Figure 9.
The pallets were loaded with concrete blocks. Each block weighed around 81.5 lb (37kg). Twenty blocks were
contained in a layer and the number of layers were changed to simulate the different payload scenarios.
To simulate the grab handling, pressure equivalent to twice of the payload was applied by the two I-beams, parallel
to the stringers. Three pallets were evaluated parallel to the stringers using a 3-ton payload, and one pallet was
evaluated perpendicular to the stringers using a 1.5-ton payload. Once the required pressure was applied, the jig
with the unit load was lifted with a crane and held suspended for 5 minutes. Following the test, the pallets were
inspected for damages.
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The results of the grab handling test are presented in Table 6. No damages were observed for any of the
investigated samples at the end of the test.
Table 6: Results of the grab handling simulation for the investigated pallet design
Direction

Parallel to Stringers
Perpendicular to the
stringers

Replicates

Payload
(tons)

Horizontal
Clamping
Force (tons)

Results

1

3

6

Pass

2

3

6

Pass

3

3

6

Pass

1

1.5

3

Pass
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5. Standard Terms and Conditions
The Virginia Tech Center for Packaging and Unit Load Design (CPULD) recognizes that cost-effective testing
is a matter of subjective judgment as determined by the Client. Therefore, we offer a range of testing services
to meet the specifications of each Client. The Scope of Work Statement forms the sole contractual
understanding between the herein named Client and CPULD, and is the result of the information and objectives
provided by the Client, and any other written communications (including emails) which may serve to augment
or modify the terms herein.
Standards and Accuracy: All lab testing will be done on a best efforts basis in accordance with the specified
or applicable Standards (ISO, ASTM, etc.) to the degree specified by the Client and/or CPULD, or to the limits
of the laboratory. Due to the nature of Standards testing, it is likely that Standards will change over time, as
will the degree to which CPULD can adhere to them. Client is advised that deviations from the published
Standards may affect the degree to which the results are transferrable or generalizable. While CPULD takes
reasonable measures to ensure accuracy in testing, variations are to be expected.
Materials: In the absence of specifications to the contrary in the Scope of Work Statement, all materials
supplied by the Client (including but not limited to products, tools, equipment, pallets, packaging materials,
etc.) will be disposed of by CPULD two weeks after CPULD submits the final report to the Client and will not
be returned to the Client at the conclusion of testing.
Timing of Deliverables: Client is advised that testing cannot begin until the Scope of Work Statement is
signed and delivered to CPULD, the required fee or down payment must be paid, and all materials to be
provided by the Client are actually received at CPULD. If materials are not provided in a timely manner, the
tests may not be completed in accordance with the time estimates provided in the Scope of Work Statement.
From time to time, additional testing materials to be provided by the Client may be required to complete the
testing process, in which case completion of testing may be affected. As an academic research center, the
demands of the academic calendar at Virginia Tech may also affect the availability of test equipment and testing
personnel, which may impact timetables.
Reports: The deliverable testing report(s) shall not be reproduced, except in full, without the written approval
of CPULD.
Warrantees: The Center for Packaging and Unit Load Design at Virginia Tech assumes no responsibility or
guarantees / warranties (stated or implied) regarding performance and only assumes responsibility for the test
data reported. All other warranties expressed or implied, including any warranty that the product, pallet, or
package tested is merchantable, fit for a particular purpose or application or is in compliance with any industry,
state, or federal compliance, is disclaimed.
Disputes: In the event of a dispute of any sort relating to any aspect of this Scope of Work Statement and the
performance of CPULD (including but not limited to research, testing, or deliverables) produced by CPULD,
the Client shall notify CPULD in writing within 30 days of receipt of the last deliverable under the agreed-upon
Scope of Work
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